With the Dianchi Lake drainage area as the subject of research, the TM remote sensing images of the four time points taken in 1974, 1988, 1998 and 2008 as data basis and the combination of image processing, geographic information system and the relevant metrology software, the present paper not only analyzed the land use dynamic change and tendency, but also studied the mechanism of the impact of land use change on the water environment in the studied area with Markov model, the results of which showed that: The land use situation in the Dianchi Lake basin in the past 30 years has significantly changed, in which the changes of the arable land, construction-use land and other similar changes are extremely great, while the changes of the water area and forest are not so obvious. The results of Markov model forecast showed that the land for construction in the studied area further increases in 2015-2030 while the woodland, water area and other types of land further decreases, but the rate of decrease is gradually becoming smaller and the cultivated land area continues to decrease as well. The water quality near the Dianchi Lake drainage area is affected by the type and change of land use.
Introduction
Using remote sensing (RS) and geographic information system (GIS) makes it possible to objectively grasp the structure of land use and the form of driving land use change, understand the feature of land use change and anticipate the situation of land use structure in the future, which is conducive to guiding people to rationally and efficiently make use of land and providing an important decision-making for the regional sustainable development. Furthermore, in the discussion of the reason for the water environmental change, the change of land use type is an essential factor. If the relationship between land use type and water quality is made clear, a rational pollution prevention measure can be determined through an appropriate land use plan to solve the issue of water environmental pollution and protect water quality.
Studied area and research methodology
Studied area.Located in the central part of Yunnan-Guizhou Plateau and along the divide between the three river systems of the Yangtze, the Pearl and the Red River, the Dianchi Lake drainage area covers the four districts of Panlong, Wuhua, Xishan and Guandu in Kunming as well as some city and county areas like Chenggong, Jinning and Songming. Its geographic coordinate is 102 29 ~103 01 east longitude and 24 29 ~25 28 north latitude with the matching image measured drainage area of 2,840.7km2. The entire drainage area is a lake basin long in north and south but narrow in east and west. The landform can be divided into three sorts of mountainous hill, aggradation plain and the Dianchi Lake water area. The Dianchi Lake drainage area belongs to north subtropical humid monsoon climate with an annual average temperature of 14.9 , a multiple-year average rainfall of 931.8mm and a whole-year frost-free period of 227 days.
Research methodology and data source
Research methodology. Based on the need as well as the form and attribute of land use in the studied area, the land use is divided into 5 big categories according to Class One Classification: arable land, woodland, construction-use land, water area and other land type. Both the Edras remote sensing image processing software and the ArcGis geographic information system software were used to calibrate, match and enhance the Landsat-5(TM) remote sensing satellite images at four time points taken in 1974, 1988, 1998 and 2008 . The resolution of Landsat-5(TM) original data is 30m. Through the GPS field investigation, the visual interpretation of remote sensing image was obtained and the images of each period were interpreted with human computer interactive interpretation technology to generate the distribution situation of land use at four time points. The ArcMap module in the ArcGis was used to conduct a map overlapping analysis, the transition matrix of land use spatial dynamic change was established according to Markov model and 2 indexes of land use area variation rate and land use dynamic state were used to quantitatively analyze the land use structural change in the studied area, in which the unit root test and cointegration test were adopted to analyze the simulation of land use and water environment change in the drainage area.
Data source .The data in the studied area are from the Landsat-5(TM) remote sensing satellite images taken in 1974, 1988, 1998 and 2008 . The TM_Band_4(R), TM_Band_3(G) and TM_Band_2(B) band resultant images were adopted and the Human computer interactive interpretation was obtained through the geometric rectification, Edras remote sensing image processing software and ArcGis geographic information system software.
Land use/cover change
Status quo of land use.On the basis of the previously obtained data, the area statistical function in the ArcGis geographic information software was used to get the area and occupation percentage of 5 big land types at the four studying time points (see Table 1 ). Change of the type of land use.The analysis of land use change mainly is mainly to conduct a spatial overlay with the land use status quo spatial information at the four time points under the ArcGis geographic information software. With Markov transition matrix and through statistical analysis, calculation and preparation, the land use status quo map and dynamic evolution transition matrix at each time point are obtained. 2 , and the area of water and woodland has a tendency of decrease, but the area decreased is very small and the integral change is not great either.
Analysis of land use dynamic degree and area variation rate
Land use dynamic degree.Land use dynamic degree indicates an annual variation rate of the area of land use type, which is an important index of land use change. It can quantitatively describe the land use change rate of a region and its formula is as follows:
Where D C is land use dynamic degree, A t1 represents the area of a land use type at t 1 and A t2 represents the area of this land use type at t 2 .
According to the index calculation formula, the dynamic degrees of land use type change in the four periods were calculated as shown in Table 6 . The results suggest that in each study period of the studied area, the variation direction of land for construction is always positive with a manifestation of area increasing and the maximum annual variation rate up to 11.83%. The variation direction of other four types is basically negative with a manifestation of total area decreasing and the maximum annual variation rate of arable land up to -3.43%.
Land use area variation rate.The area variation rate of land use refers to the specific value of area differential value to the area in the initial period for a land use type in two different periods. Its calculation formula is as follows:
Where C is the area variation rate of land use, A t1 represents the area of a land use type at t 1 and A t2 represents the area of this land use type at t 2 .
According to the index calculation formula, the area variation rate of land use in the four periods were calculated as shown in Table 7 . The results suggest that in each study period of the studied area, the land use variation rates of arable land and land for construction are the highest, in which the rate of land for construction in 1998-2008 is 118.31%, other types become second and the variation rates of woodland and water area are the lowest.
Land use forecast based on Markov model
On the basis of Markov model forecast, the transition probability of each period in Matlab was calculated and the relevant result was forecast compared with the actual value. Based on the actual situation, we adopted the 1988 in this period of 1988-2008 as the initial situation year and took the transition probability in this period as the vector of transition probability. By comparing the land use structure of 1998 and 2008 obtained from the forecast with the actual land use structure of 1998 and 2008, we found that the analog value is very close to the actual value and the relative error average value in the two periods is within 0.05%. It can be seen that it is feasible to use Markov process to predict the land use structure in the Dianchi Lake drainage area. The predicted results are as follows: 
Land use and water environment change in the drainage area
Land use is a most direct action of human beings to natural environment, so any improper use will cause a great number of untreated materials such as nitrate and phosphate to discharge into the drainage area and water body, further polluting the drainage area and water environment. Based on the previous research on the land use change in the Dianchi Lake drainage area, we hereby made use of the water quality data obtained from 1994 to 2008 and considered the data of land use found in the relevant years, analyzed and obtained the time and spatial change of water environment of each year, and further analyzed the impact of land use change in the Dianchi Lake drainage area on the water environment.
Simulation of land use and water environment change in the drainage area
Water environment is mainly composed of surface water and underground water, but the present project only analyzed the surface water of the Dianchi Lake. Unit root test .The land in the Dianchi Lake drainage area is divided into six big categories-land for urban, town, village, factory and mining construction, arable land, forest land, grassland, wetland and gardening land. The proportion of each land type in the drainage area was respectively taken to conduct a unit root test to the TN, TP, BOD and COD in the drainage area from 1994 to 2008 as well as the time series of each land type. The present paper adopted the ADF method to conduct a unit root test with the results shown in Table 9 . The correlativity existing between TP and BOD under 5% obvious level and BOD under 20% obvious level can be obtained. It can be concluded that both the land for urban, town, village, factory and mining construction and the arable land have significantly increased the discharge of total phosphorus concentration in the drainage area while the grassland has obviously decreased the effect of total phosphorus concentration in the drainage area; both the land for urban, town, village, factory and mining construction and the forest land have significantly increased the pollution of BOD in the drainage area while the arable land has effectively decreased the pollution of BOD in the drainage area; the land for urban, town, village, factory and mining construction has greatly increased the discharge of COD in the drainage area while the arable land has effectively decreased the discharge of COD in the drainage area. Since total nitrogen and gardening land can not form a cointegration relationship with other variables, it is thus not considered hereby.
Forecast of land use and water environment change in the drainage area
Markov transition matrix was adopted to respectively predict the situation of land use in the four periods of 2015, 2020, 2025 and 2030 and the models (1), (2) and (3) were adopted to separately forecast the TP, BOD and COD in the Dianchi Lake drainage area with the following results obtained: 96 It can be seen from the above prediction that with the years increasing, the indexes of water pollution have a tendency of continuous deterioration, for which the main reason is that the proportion of the land for urban, town, village, factory and mining construction has continuously increased while the proportion of arable land, forest land, grassland, wetland, etc. in the drainage area has continuously decreased with the years increment, which has led to the continuous deterioration of environmental condition.
Conclusions
According to the classified results of remote sensing data in the four periods of 1974-2008 as well as under the support of ArcGis geographic information software, the land use structure was analyzed. And the indexes of land use dynamic degree and land use area variation rate were used to reveal the time law of land use/cover change in the Dianchi Lake drainage area in recent 30 years. The results suggest that the type of land use in the Dianchi Lake drainage area has a remarkable change.
In view of the time span of the entire study, a significant change has taken place in the situation of land use in the Dianchi Lake drainage area in recent 30 years, in which a great change has taken place to the arable land, land for construction and other land types, while the change to the water area and woodland is not obvious.
From the three time intervals of the study there is a greatest change of land use in the studying period of 1998-2008. Similarly, the most obvious is the decrease of arable land and the rapid increase of land for construction.
The results of Markov model forecast indicate that the area of land for construction is further increased while the area of woodland, water area and other land types is further decreased, but the rate of decrease is gradually becoming smaller and the area of arable land is also continuously decreasing in the studied area in 2015-2030.
The change of land use type has an obvious effect on the change of Dianchi Lake water environment. A conclusion can be drawn from the analysis of the existing data that the water quality of the Dianchi Lake has a tendency of gradual deterioration in time and it shows in space that the water quality drops rapidly in the area where human activities disturb most, in which the behavior of the grass sea of the Dianchi Lake is extremely apparent. Especially at the beginning of the rapid development 1990s, the land for construction sharply increased, the swift extension of the downtown in Kunming brought about some problems, the agricultural activities intensified and a great amount of fertilizer was used in the production, which had a great effect on the deterioration of Dianchi Lake water quality. If no great attention is paid to, the land for urban, town, village, factory and mining construction is extended randomly and the decrease of wetland, arable land, grassland, etc. is neglected, the ecology in the drainage area will be unavoidably led to continuously deteriorate, the ecological capacity will be made unable to adapt to the situation of the drainage area furthermore and finally the ecosystem in the drainage area will be led to blow up.
Therefore, efforts must be made to raise the consciousness of environmental protection, establish a concept of environmental protection, strengthen the construction of wetland in the area around the lake, rationally control the scale of urban, town, village, factory and mining land use, improve the utilization of land for construction and enhance the reclamation of farmland. On the basis of keeping the average yield of land, the land use should be rationally planned to obtain a sustainable development between the land use and water quality safety in the drainage area.
